INTRODUCTION
Patient safety is nowadays increasingly recognised as a key dimension of quality care, and is thus progressively being integrated into the education of healthcare professionals. 1e4 The Institute of Medicine, renowned for its 2000 publication To Err is Human, 5 stated in a 2003 report that 'all health professionals should be educated to deliver patient-centred care as members of an interdisciplinary team, emphasising evidence-based practice, quality improvement approaches, and informatics'. 6 Professional bodies and the WHO have since endorsed a patient safety competencies framework for healthcare professionals to enhance local patient safety training programs.
6e9
Assessment is an essential component of competency-based education, 10e12 and should be used for giving feedback as well as for summative examination. While a significant number of studies have been carried out to assess the competency of healthcare professionals, none of the previous systematic reviews on professional competence have focused on the domains relevant to patient safety. 13 14 Competence is context dependent because it interrelates the ability of the healthcare professional, the task at hand, the ecology of the working environment, and the clinical contexts in which the task is performed. 15 Accordingly, competence can only be assessed in the work place, but trainees must know what is required in order to provide safe care, and know how to use the knowledge they have accumulated. Thus, ideally, there would be a toolbox available that enrols all of the elements of the defined patient safety competencies throughout the curriculum, assessing each of these at that level of Miller that is fitting to the stage of training reached. 16 This review therefore aims to identify and evaluate the available tools for the assessment of the safety competencies of physicians, residents, medical students, nurses, and nursing students in a hospital setting. Four review questions are discussed: 1. What types of tool, focused on knowledge, skills, or behaviour, are available for the assessment of the individual safety competencies? 2. What types of content are measured by these assessment tools? 3. To what extent are these assessment tools reliable and valid? 4. Which safety domains 7 are being covered?
METHODS

Data sources
Relevant English language articles published from the start of each database to December 2010 were sourced using PubMed, MEDLINE, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), Web of Science, psycINFO, and the Education Resource Information Center (ERIC). Combinations of search terms were used, relating to assessment (educational measurement, teaching, assessment, curriculum, education professional), competence (professional competence, competence, competencies, educational status, ability, skills), and patient safety (medical error, risk management, safety, patient safety, error, errors). An additional keyword search was also conducted using PubMed. Again, combinations of search terms were employed, relating to assessment (OSCE, peer assessment, oral examination, essay, portfolio, CEX, mini-CEX, non-technical skill) and patient safety (safety, patient safety, error, errors). The Medical Subject Headings (MeSH) were used when available.
Hand searches were also conducted of relevant journals on medical/nursing education and patient safety (Medical Education, Academic Medicine, Medical Teacher, Journal of Nursing Education, Journal of Patient Safety, The Joint Commission Journal on Quality and Patient Safety, BMJ Quality & Safety). Furthermore, the referenced articles listed in each of the selected publications were examined, the abstracts of relevant congresses were screened, and several patient safety and educational experts were consulted.
Selection of articles
An article was selected only if it fulfilled all of the following criteria: the subjects of the study were physicians, residents, medical students, nurses, or nursing students; the article described the tools for the assessment of the individual safety competencies, focusing on knowledge, skills or behaviour; and the content of the assessment covered the domains of the Canadian Safety Competencies Framework. 7 The Canadian Patient Safety 
Data extraction
Two authors (AO, KM) reviewed the titles and abstracts of citations generated by the search to assess their eligibility for further review based on the selection criteria, and chose relevant articles for possible inclusion. They, supported by the third author (BB), then reviewed all of the selected articles and decided which to include in this study. The standard Best Evidence in Medical Education coding sheet 17 was modified to focus on relevant parameters (country, single/multi-institution, speciality, trainee level, use for formative/summative evaluation) and tool characteristics (assessment methods, assessed competencies, reliability, validity, outcomes). One author (AO) abstracted data using this modified coding sheet, and then all of the authors reviewed the abstractions to ensure completeness and accuracy. Differences in data abstraction were resolved by consensus. Information on the reliability, validity and outcomes of the assessment tools described in the selected articles was also extracted. Messick's unitary concept, 'construct validity', was used: the degree to which a score can be interpreted as representing the intended underlying construct.
14 18e20 Validity evidence was evaluated for five areas: 1. Content (face) validitydthe relationship between a tool's content and the construct it intends to measure. 2. The response processdthe relationship between the intended construct and the thought processes of subjects or observers. This provides evidence that raters have been properly trained (faculty development). 3. Internal structure (reliability)dlooks at internal consistency, testeretest reliability, agreement (interrater reliability), and generalisability. 4. Relationship with other variables (concurrent, predictive validity)dthe correlation of scores with those from other assessments or outcomes, and the differences between scores of learner subgroups. 5. Outcomes (educational)dthe consequences of assessment. A modified version of Kirkpatrick's hierarchy was used to evaluate the outcomes of tool implementation. 14 21 Outcome levels which were abstracted included: 1) participation, in other words the learners' and observers' views on the tool and its implementation; 2) self-assessed modification of learner and observer knowledge, skills and behaviour; 3) transfer of learning, in other words an objectively measured change in learner or observer knowledge or skills; and 4) results in terms of a change in organisational delivery or quality of patient care. Information regarding the cost of tool development and implementation was also extracted.
Data synthesis
Following identification of the patient safety domains covered by the assessment tools, the tools were categorised according to Miller's four competency levels: 'knows', 'knows how', 'shows how', and 'does'. 16 For each of these Miller competency levels, the trainee should be able to demonstrate the ability to imitate or replicate a protocol, apply principles in a familiar situation, adapt principles to new situations, and associate new knowledge with previously learned principles. 16 22 All data included in this report were previously published and publicly available. Hence, our study did not require submission to the local institutional review board for ethical approval.
RESULT Search results and article overview
The initial literature search identified 4773 citations (figure 1). Of these articles, 209 were filtered for detailed review to determine whether they met the inclusion criteria. Following the title and abstract review by two of the authors (KM, AO), the value of Cohen's k was calculated to be 0.91. Forty-six articles met our inclusion criteria, one article was retrieved from the references of a selected article, and one article was retrieved from a hand search. In total, 48 articles were selected, and 34 unique assessment tools were identified (table 1) . More detailed information on the selected studies is available in the online appendix). Description of tools Of the 34 assessment tools identified in our 48 selected studies, seven tools (21%) measured the trainees' knowledge of patient safety (the 'knows' level) (table 2) . Three tools (8.8%) assessed the trainees' applied knowledge using case management (the 'knows how' level). Nineteen tools (56%) were used in simulations, with or without standardised patients, to evaluate the trainees' performance (the 'shows how' level). Four tools (12%) assessed the trainees' competencies at multiple levels (the 'knows', 'knows how', and 'shows how' levels); three of these tools were 'Objective Structured Clinical Examinations' (OSCEs). Two tools (5.9%) implemented the direct observation of trainees with actual patients: one evaluated the non-technical skills of anaesthesia residents in the operating theatre, 41 and the other assessed nurses' patient safety handling at inpatients' bedsides (the 'does' level). 70 Twenty of our 34 identified tools (59%) assessed the competencies of medical professionals. Of the remaining 14 tools, nine (26%) assessed the competencies of nursing professionals, and five (15%) tested both medical professionals and nurses. 27 48 49 56 60 61 Assessed content of the Canadian safety competencies Referring back to the six aforementioned domains of the Canadian Safety Competencies Framework, 25 of our tools (74%) assessed the 'managing safety risks' competencies, and 24 tools (71%) measured the 'working in teams for patient safety' competencies. Approximately half of the tools (16 tools, 47%) assessed the 'communicating effectively for patient safety' competencies, and 12 tools (35%) evaluated the 'contributing to a culture of patient safety' competencies. Six tools (18%) assessed the 'recognizing, responding to, and disclosing adverse events' competencies, while only four tools (12%) measured the 'optimizing human and environmental factors' competencies. The three competency domains 'managing safety risks' (medical 15 tools, nursing eight tools), 'working in teams for patient safety' (medical 15 tools, nursing five tools), and 'communicating effectively for patient safety' (medical 11 tools, nursing four tools) were assessed by a number of tools for both physicians and nurses (figure 2). The 'contributing to a culture of patient safety' domain was evaluated for nurses by five of a total of nine tools (56%), and for physicians by only six of 20 tools (30%).
The majority of tools at the lower levels ('knows' and 'knows how') (seven of a total of 10 tools, 70%) assessed the 'contributing to a culture of patient safety' domain. In contrast, most of the tools at the higher levels ('shows how' and 'does') assessed the 'working in teams for patient safety' (17 of a total of 20 tools, 85%), 'managing safety risks' (15 of a total of 20 tools, 75%), and 'communicating effectively for patient safety' (11 of 20 tools, 55%) domains. Four tools used at multiple levels assessed all of the domains except the 'optimizing human and environmental factors' domain.
Validity evidence
The issue of content validity was raised in the descriptions of 14 tools (41%). According to the response process, rater-training was described for nine tools (26%), usually only once and briefly. The matter of internal structure was mentioned for 22 tools (65%). The majority of our tools have acceptable reliability. Correlations between evaluated scores and other assessment variables were described for eight tools (24%).
The safety competency results obtained using our assessment tools were compared with technical skills, 35 yMiller's levels: 1¼Knows; 2¼Knows how; 3¼Shows how; 4¼Does; 5¼Competencies assessed at multiple levels. zCanadian Safety Competency domains: 1¼Contribute to a culture of patient safety; 2¼Work in teams for patient safety; 3¼Communicate effectively for patient safety; 4¼Manage safety risks; 5¼Optimise human and environmental factors; 6¼Recognise, respond to, and disclose adverse events.
xRefers to whether each validity component was evaluated. Boldface denotes an acceptable level of validity. {Outcomes were evaluated using the lowest level (1¼participation: learners' or observers' views on the tool or its implementation) of a modified Kirkpatrick hierarchy.
**Article authors reported that this is not appropriate for determining individual competency standards because the tool was designed for program improvement. yyConference report or pilot study. zzSeventeen items come from 'the Knowledge, Skills, and Attitudes Questionnaire'. 25 xxThese tools assessed the competencies of both medical and nursing professionals. ANTS, Anaesthetists' Non-Technical Skills System; G, generalisability; IC, internal consistency; IRA, inter-rater agreement; IRR, inter-rater reliability; OSCE, Objective Structured Clinical Examination; TRR, test retest reliability. Trainees and observers reported their experiences as being generally positive (Kirkpatrick level 1) for seven tools in 10 studies (21%). 
DISCUSSION
Developing reliable and valid tools for the assessment of safety competencies is a challenging task. 22 In the past few years the number of publications on this subject has increased, and several assessment tools are now available. When assessing safety competencies, instructors should understand the limitations of different approaches and use a range of methods that fit the specific learning situations of Miller's four competency levels. 72 Of the 34 tools identified in this review, 10 can be used to assess the knowledge of key patient safety concepts at Miller's two lower levels, such as adverse events, just culture, and system thinking. Four 25 26 62 63 of these 10 tools, which are of proven content validity and internal reliability, are valuable for the evaluation of the cognitive knowledge and reasoning of both medical and nursing students, particularly after a course in basic patient safety science. The remaining six of the 10 tools have limited content validity and reliability. Written examinations such as multiple choice questions, however, tend to measure the potential to perform rather than actual work performance, and more advanced trainees should be assessed through direct observation in simulation scenarios or real practice for the higher competency levels. 73 We found 20 tools for the examination of the 'shows how' and 'does' levels in the domains of 'managing safety risks', 'working in teams for patient safety', and/or 'communicating effectively for patient safety'. Of these 20 tools found for the assessment of the competencies of medical and nursing professionals, three 56e59 have a proven appropriate content validity and internal reliability, and are suitable for use in an emergency situation. Two tools 44e49 out of the 20 are ideal for use in surgery, and a further two are suitable for the assessment of anaesthesiologists in training.
35e41 43 Each tool of course has its strengths and limitations, and so complementing methods must be sought in order to overcome these weaknesses. 22 72 For instance, no tool covered all the patient safety competency domains, and therefore tools should be combined or alternated. 31 33 34 Unfortunately, the various tools cover the domains unevenly, and more work has to be done to investigate tools in the important domains of 'contributing to safety culture', 'optimizing human and environmental factors', and the sub domain of 'recognizing, responding to, and disclosing adverse events'. It should further be noted that the described tools were mainly applied in specific situations, such as in the operating theatre, during the provision of anaesthesia, and for crisis management, and only a few tools have been developed for the assessment of competencies in daily practice in other workplaces. For example, the Anaesthetists' Non-Technical Skills System (ANTS) and the Non-Technical Skills System (NOTECHS) are available for the assessment of safety competencies in their respective clinical situations (the higher competency levels). The importance of context in measuring the higher competency levels means that such tools cannot simply be copied and used in other working environments. Each discipline or speciality must adapt the tools to its own requirements.
Another issue for discussion is the limited proven reliability and validity of the described tools. The majority of the tools assessed internal structure and content validity. A modest inter-rater reliability was reported for some tools, such as the ANTS and the NonTechnical Skills for Surgeons. Sufficient rater-training is a requirement for summative assessment, 44 74 75 and yet in the majority of the studies rater-training was either minimally described or not described at all. The correlation of assessed competency scores with other types of assessment and educational outcomes was evaluated in only a few studies. Four tools showed a strong correlation with technical skills. 35 45 55 56 However, for one of these tools, the ANTS, it was pointed out that there was an imperfect distinction between nontechnical skills and pure medical knowledge in some of the elements of the ANTS scale. 36 One review has stated that "improving patient outcomes as a result of patient safety education represents a particularly daunting task, given that intensive, large-scale quality improvement efforts often fail to demonstrate improvements in health outcomes". 76 This clearly explains why evaluating educational outcomes can be so difficult. Finally, assessment tools should also have an impact on future learning and practice, be acceptable to learners and faculty, and costs must be considered. 77 Although data are scant, these subjects are important for the compliance of the involved staff and trainees and the feasibility of implementing the assessment tools. The assessment of safety competencies is a new field of education, and it is clearly difficult to develop reliable and valid assessment tools. We would like to express our appreciation for the pioneering work of the researchers in this field, as several useful tools could be identified. Similarly, this review has its own limitations. First, our search strategy for article selection focused on competency rather than knowledge; we searched for articles using the terms 'competence', 'ability', and 'skill', and if articles did not use these specific terms, we might have unfairly omitted them from our study. Hence our search methodology may have excluded articles which described or evaluated patient safety knowledge. We tried to cover this by searching the reference lists of the quoted articles, hand searching relevant journals on medical/nursing education and patient safety, engaging in discussions with experts, and screening abstract books of patient safety conferences. Second, we did not focus on technical skills and medical knowledge. Thus tools used principally to assess technical skills, for example, the Objective Structured Assessment of Technical Skill, 78 were excluded, even if they implicitly included some elements of non-technical skills. Making the non-technical skills more explicit in such studies would, in our opinion, enhance patient safety awareness. Finally, studies which assessed team competencies such as the Oxford NOTECHS scale were also excluded, as our focus was the individual learner. 79 Therefore, our results may not show the whole picture of the tools for the assessment of safety competencies. Team training is undoubtedly important to patient safety, as is the evaluation of the functioning of a team.
CONCLUSION
This review has identified many tools for the assessment of safety competencies of healthcare professionals at each of Miller's competency levels. The reliability and validity of these tools, where reported, are however modest at best. The tools do not cover the whole spectrum of patient safety competencies on all of Miller's competency levels, and they often suit only specific working situations.
New research should focus more on the domains of 'contributing to a culture of patient safety' and 'optimizing human and environmental factors'. Appropriate use of such tools can motivate a trainees' learning and at least enhance patient safety awareness.
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